A. - (e.g., Haffer 1974, Hackett and Lehn 1997, Eberhard and Bermingham 2005.
and Monroe 1990) . Aulacorhynchus spp. show discrete variation in coloration and size, and several populations isolated on single mountain ranges are surprisingly distinct. However, systematic study of this genus has been slowed by the paucity of specimens throughout its range (Navarro-Sigüenza et al. 2001 ) and the lack of adequate series from any single site. Moreover, most species and subspecies were described in the 1800s (see Dickinson 2003) from a single or few specimens, and interrelationships among forms and their taxonomic status are often not clear (e.g., Barker and Lanyon 2000, Eberhard and Bermingham 2005) .
The variation within this genus is complex, because it shows, on one hand, morphological similarity (smaller size, long and graduated tail, green overall) but, on the other hand, dramatic variation 40 -PUEBLA-OLIVARES ET AL. -AUK, VOL. 125 in color patterns and bill shape (Haffer 1974 , Navarro-Sigüenza et al. 2001 . Vocalizations are similar among currently recognized species of Aulacorhynchus (Schwartz 1972) , though most forms are allopatric and replace each other along elevational and latitudinal gradients (Gilbert 2002) . Haffer (1974) presented an analysis of morphological characters and biogeography, with emphasis on the South American forms, and, more recently, Navarro-Sigüenza et al. (2001) (Peters 1948 , Winker 2000 , Short and Horne 2001 , Dickinson 2003 . Application of the biological species concept for the treatment of allopatric populations (e.g., Helbig et al. 2002 , Remsen 2005 has led to the classic "single polytypic species" approach in the group (American Ornithologists' Union [AOU] 1998, Short and Horne 2001) . However, alternative nomenclatures, which would recognize at least six species, may be more adequate for understanding the taxon from a more consistent evolutionary perspective (Wiley 1981, Navarro-Sigüenza and Peterson 2004) . toucans (e.g., Hackett and Lehn 1997, Weckstein 2005) , and we know of no previous analyses for Aulacorhynchus. Our study also enriches knowledge of the diversification of biotas associated with montane forests and the complex array of paleoecological events, including extended isolation (García-Moreno et al. 2004) . Here, we analyze the genetic variation and phylogeography of A. prasinus. We present sequence data from three mitochondrial genes and use the resulting phylogeny to suggest hypotheses for their evolution and to re-assess the taxonomy and species limits in the group.
Molecular characters may provide further insight into evolutionary patterns among these complex taxa for which morphology and vocalizations have not provided definite answers regarding species limits and phylogeny. Such studies are scarce for the

METHODS
Taxon sampling. - (Table 1) .
DNA isolation, amplification, and sequencing.-DNA was isolated from frozen tissue using a proteinase-K digestion, followed by phenol-chloroform extraction, and final ethanol precipitation (Sambrook et al. 1989) . Some old or rare tissue samples were processed with the DNeasy extraction kit (Qiagen, Valencia, California) , following the protocol suggested by the manufacturer. We amplified fragments of the mitochondrial genes ND2 (primers L5215-H5578; Hackett 1996), ND3 (primers L10647-H11151; Chesser 1999, Sorenson et al. 1999), and cytochrome b (primers L15560-H16064; Sorenson et al. 1999) (BIGDYE, version 3.1; Applied Biosystems, Foster City, California) . Sequencing reaction products were cleaned by gel filtration using Sephadex G50 columns (Sigma Aldrich, St. Louis, Missouri) (Wright 1951 (Wright , 1965 (Hartl and Clark 1997) .
Phylogenetic reconstruction.-Congruence of phylogenetic signal among genes was tested with the incongruence length difference test (Farris et al. 1994 , 1995 ), implemented in PAUP*, version 4.0b10 (Swofford 2000 , as the partition homogeneity test; the test excluded constant characters and ran for 1,000 repetitions. Evolutionary-rate heterogeneity across lineages was tested using a likelihood ratio test (Felsenstein 1981 Prior to ML and BA analyses, best-fit models of molecular evolution for the individual genes and the combined data set were selected using MODELTEST, version 3.7 (Posada and Crandall 2001) (-lnL = 4,123.1724 (Fig. 2) . Finally, given that the LR test detected significant rate heterogeneity among lineages (molecular clock rejected; χ 2 = 37.65, P = 0.05), divergence times were not calculated among clades.
RESULTS
Genetic distances among species of
Our tree (Fig. 2) (Peters 1948 , Wetmore 1968 , Haffer 1974 , O'Neill and Gardner 1974 , Winker 2000 . Careful analyses of morphology and coloration have also led to the proposal that the group is, in fact, composed of several species (Navarro-Sigüenza et al. 2001) . However, given that no genetic data were available at that time, that proposal was largely ignored (Remsen 2005) . 6.9 6.9 7.3 0.7 0.3 17 T IC837Apra 7.9 7.6 7.7 7.3 7.9 8 7 7.7 7.7 7.9 6.9 6.9 6.7 4.9 5
(Table 3). This result indicates strong genetic divergence among populations (Hartl and Clark 1997), as well as low or null gene flow among them, which suggests a long history of isolation and high genetic differentiation (Table 3).
DISCUSSION
Phylogeny.-Previous analyses have stressed the dramatic morphological variation among isolated populations of the Emerald Toucanet (A. "prasinus" sensu lato) throughout its range
First, we consider the well-supported monophyly of the populations included in A. "prasinus" (e.g., AOU 1998), in spite of its considerable morphological variation (Haffer 1974, Short and Horne 2001, Gilbert 2002). Ongoing phylogenetic analyses that
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18 U IC885Apra 7.9 7.6 7.7 7.3 7.9 8 7 7.7 7.7 7.9 6.9 6.9 6.7 4. clades in a hierarchical pattern of relationships. These clades agree with well-defined biogeographic limits across the distribution of the complex; they also agree with limits based on morphological evidence and with patterns for other bird species with similar distributions, at least in Mexico and Central America (e.g., García-Moreno et al. 2004, Solórzano et al. 2004) . (e.g., Eberhard and Bermingham 2004, 2005) . Curiously, this separation does not coincide with the lowland break in central Panama, but occurs in the complex Darien region; our genetic data suggest deep genetic differentiation and no gene flow among northern and southern clades. This is contrary to Haffer (1967) , who suggested that the avifauna of Darien was related to that of the Andes, from which it is derived (e.g., Calliphlox mitchellii). The Darien populations are isolated by ∼200 km of lowlands separating them from the highlands of northwestern Colombia (Porter 1973 , Robbins et al. 1985 . Also, the montane areas of Darien, western Panama, and northwestern Colombia have different geological histories (Bartlett and Barghoorn 1973) , which may have influenced the deep split we observed for the Darien populations, as well as for other taxa discussed by Robbins et al. (1985) .
The phylogeny recovered a deep separation between the populations of South America and those of Central America and Mexico (Mesoamerica). Such deep splits have been observed for other bird complexes with similar distributions
On the other hand, the Costa Rica-Western Panama clade includes the forms recognized as A. prasinus caeruleogularis of the regions of Chiriquí and Veraguas in western Panama, and A. p. maxillaris of Costa Rica (Peters 1948, Haffer 1974 (Peters 1948 , Haffer 1974 mus, atrogularis, and dimidiatus (Haffer 1974 , Navarro-Sigüenza et al. 2001 , Short and Horne 2001 (Toledo 1982 , Llorente 1984 , Whitmore and Prance 1987 , Graham 1998 (Campbell 1999 ), mammals (Sullivan et al. 1997 L. León-Paniagua et al. unpubl. data), birds (García-Moreno et al. 2004 , 2006 , and beetles (Liebherr 1991, Marshall and Liebherr 2000) . Dispersal, nonetheless, cannot be ruled out as an alternative explanation for this biogeographic pattern.
Taxonomic implications.-According to the morphological evidence available (Navarro-Sigüenza et al. 2001, Short and Horne 2001) (Burns 1997 , Johnson and Sorenson 1999 , Omland et al. 1999 ; Table 2 ).
All clades under discussion can be identified easily by diagnostic morphological attributes, including size and color patterns related to beak or plumage characteristics (Navarro-Sigüenza et al. 2001, contra Short and Horne 2001) . These characters are important in social and reproductive behavior in the Ramphastidae (Skutch 1967 , Haffer 1974 (Cracraft 1983 , McKitrick and Zink 1988 , Mayr 2000 , Navarro-Sigüenza and Peterson 2004 . Thus, we consider that sufficient morphological and genetic evidence (Helbig et al. 2002) is available now to re-evaluate the taxonomic status of the group, and we suggest that four species in Mesoamerica and three in South America be recognized. The Mesoamerican taxa largely correspond to those suggested by Navarro-Sigüenza et al. (2001) ; English names follow Ridgway (1914) and Hilty (2003) :
( (Cerro Pirre and Cerro Tacarcuna; Robbins et al. 1985, Hilty and Brown 1986) Haffer (1974) and the
1) Aulacorhynchus cognatus (Nelson 1912). Goldman's Bluethroated Toucanet. Endemic to the isolated mountains in the Darien of eastern Panama
